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textual conditions that may shape practices of science
teaching. Science teaching has gone through consider-
able transformation in recent decades: Syllabi was re-
newed to include more “relevant” topics, the “subject”
is now being defined as interdisciplinary and taught as
such in some schools, and systemic guidelines advo-
cate practices that combine class teaching, laboratory
sessions and out of class learning, all of which create

an environment for more “authentic” teaching. If this
interpretation holds, it has important educational and
policy implications.

Reference
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The Teaching of Place Value – Cognitive Considerations

Usha Menon
National Institute for Science Technology and Development Studies, New Delhi, India

This paper considers the different approaches to the
teaching of place value. It is argued that current prac-
tices involve a heavy emphasis on place value. Both
mainstream and alternative approaches attempt to
make children understand the meaning of the nota-
tional system for the writing of numbers. In mainstream
cases, children are asked to write the numbers in col-
umns marked out as units, tens and hundreds. In the
alternative approaches prevalent in India, different
concrete materials such as Dienes blocks and match-
stick bundles are used to make children understand
the logic behind the place-value system. In this sense,
there is a commonality in both the approaches.

These methodologies assume that the learning of
number as such is comparatively straightforward and
that the real issue is that of understanding the concep-
tual representation of number or of number as the sum
of products of powers of ten.

such as counting on the ten-structured bead string (see
figure) and the jumps on the empty number line keep
the numbers whole without differentiating them on the
basis of place value.

A different approach developed in the Netherlands de-
lays the teaching of place value and focuses on the
development of number sense. The activities chosen,

This method is strongly rooted in the conception of
Freudenthal that there was more than one concept of
number, which included counting number, numerosity
number and measuring number. He argued very strongly
that the numerosity number was ‘mathematically in-
sufficient’, ̀ mathematically unimportant’ and ̀ didac-
tically insufficient’ for the teaching of natural numbers
(Freudenthal, 1973, pp. 179-194). He argued in fa-
vour of focusing on the counting number and the meas-
uring number and specifically for the use of the number
line. This advocacy of number line is related to the
emphasis Freudenthal put on the constitution of the
mental object by children (Freudenthal, 1983 p. x and
pp. 28-33).

Theoretical aspects
I would argue that this RME (Realistic Mathematics
Education) approach is significant both in terms of
current theoretical advances in cognitive sciences and
in terms of practical applications. In the framework of
cognitive linguistics, mathematical concepts are seen
as image schemas and conceptual metaphors. Accord-
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ing to Lakoff and Nunez arithmetic is based on the
four grounding metaphors of Object Collection, Object
Construction, Measuring Stick and Motion Along a Path.
(2000, pp. 50- 103) The logic of arithmetic is seen to
emerge from the inferential logic of these four source
domains by preserving the image-schema structure. The
development of the mental object of the number line
can be understood as a metaphorical blend in this
framework.

In RME, activities with concrete materials are used not
to embody the formal algorithmic operations but to
facilitate domain-specific level raising. For example,
in early arithmetic this involves, going from adding by
counting to adding by structuring. The materials used
are to be seen, not as devices for cognising the num-
bers that exist out there, but as functional extensions
of the human body that literally lay the basis for new
forms of cognitions.  This can be understood in terms
of Vygotsky’s understanding of functional learning sys-
tems as mediational devices leading to changes in one’s
behaviour.  Specifically on the question of arithmetic
thinking, Vygotsky discussed how counting on the fin-
gers served as a bridge between natural arithmetic
(subitizing) and cultural arithmetic. Vygotsky argued,
“the quantitative characteristic of any group of objects
is perceived initially as one of the qualitative charac-
teristics. ……….The matter changes as soon as man,
in reacting to the quantitative aspect of any situation,
resorts to his fingers as a tool to aid in carrying out the
counting operation”. (Vygotsky, 1997, p.52).  Count-
ing on the structured string and the use of the empty
number line can be seen as the creation of new func-
tional learning systems for the child, aiding to create a
new mental object of number. This approach is also
consistent with the studies on the relationship between
procedural and conceptual competencies (Gelman and
Meck, 1987).

In the bead string the colour cue functions as a neutral
stimulus to organise counting. The colour cue gets re-
cruited to solve the demands of the situation. This later
gets internalised to form an understanding of the ten-
based structure of the number system. The cognitive
processes can be understood in terms of the ‘methodol-
ogy of double stimulation’ that Vygotsky put forward
(Vygotsky, 1999, p. 59).

The RME approach of mathematisation as a human
activity also takes it beyond that of mere embodiment
as seen from cognitive semantics. The importance ac-
corded to the goal and affect in the designing of the
activities brings it in consonance with the perspective
of Activity Theory and the work of Vygotsky.

Practical Implications
The case for postponing the teaching of place value

also comes from evidences that are emerging from
countries outside the Netherlands. In a recent study
from U.K., Ian Thompson has argued that place value
should be seen to comprise of  ‘quantity value’ and
‘column value’ and that the concept of ‘quantity value’
develops before that of ‘column value’ and pointed to
the possible negative consequences of the excess em-
phasis on place value (Thompson, 2002, p. 10).

Analysis of Indian textbooks shows that most of the
activities focus on embodying the conceptual represen-
tation in concrete materials for teaching of place-value.
This emphasis on place-value goes to such an extent
that children are taught numbers up to 9 and not up to
10 or up to 99 and not up to 100.  The unnaturalness
of teaching up to 9 when children are using the ten
fingers of their hands to count is obvious.

A counting based, number line using method as in RME
would differ very much from the approaches prevalent
in India. Yet experience in the last four years shows
that teachers very warmly welcome a teaching aid such
as the structured bead string/ ganitmala. This can be
understood in terms of the traditional rote practices in
which the emphasis is on the chanting of numbers for-
ward and backward as well as on various forms of
skip counting. In the traditional practice any form of
visual support is given only up to number ten. The de-
velopment of number sense in the traditional practices
can perhaps be understood in terms of the structuring
implicit in the number names. Yet these practices can
be considered to have the potential to blend with those
for developing number sense using the empty number
line as a new functional learning system.
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Introduction
Owing to the phenomenal advancement of knowledge,
especially in Science and Technology, the importance
of Mathematics is immense today. The application of
Science like Information Sciences and Information
Technology., Bio-medical Engineering, Biotechnology
are some of the leading pursuits in which role of Math-
ematics is indispensable.

Moreover, contemporary investigations on Science and
mathematics education reveal that mathematics les-
sons are dry and lifeless in most cases because the prob-
lems of mathematics, are mostly artificial and compli-
cated and not related to the realistic issues of science
and technology. Is it possible to teach them together?

Objectives and significance of the study
The objectives of the present study are, thus, the fol-
lowing:

1) To mathematisation of technological ideas and heir
understanding.

2) To disseminate science and technology education
through teaching mathematics and

3) To redesign the curriculum of mathematics to bring
it in line with the growth of the subject, growth of
science and technology as well as the changing needs
of the society. 

Teaching science and mathematics separately has be-
come extremely difficult due to enormous prolifera-
tion of content matter of each subject. Again separate
treatment of teaching and learning inhibits global com-
prehensions of ideas and concepts of different disci-
plines. Integrated teaching of science and mathemat-
ics is likely to save our time and vigor in learning those
subjects.

Integration of concepts of Mathematics and
those of Science and Technology: Theoretical
issues
 Scientific and technological ideas are best understood
when they are presented in mathematical ways. The
mathematical form of conversion of matter into en-
ergy is the famous equation e = mc2. This simple en-
ergy equation shows how a tremendous amount of en-
ergy is hidden in a small amount of matter. Mathemati-
cal forms of science are brief but the information con-
tained in such forms is quite huge and vast. 

Again, there is a reversible interrelationship among
mathematisation physical reality, scientific theories, so-
cial needs and technology. The more we understand
these reversibilities clearly, the more we will under-
stand the theories of science and technology. Technol-
ogy, in fact, is the applications of science related to
industry and the needs of people. Science and technol-
ogy can be expressed in mathematical ways. Math-
ematics can be utilized as ‘the language for science
and technology’. In order to understand the applica-
tion of science related to man in a better way, we are
to teach mathematical components of science and tech-
nology in classrooms in the periods of teaching sci-
ence to the learners. In this case mathematical forms
are to be explained through physical interpretations.
In science books, also, mathematical forms with the
variables of science & technology  and their with the
variables of science and technology and their physical
interpretations are given. Sometimes students feel dif-
ficulty in understanding such mathematical treatment.

On the other hand in the course of teaching mathemati-
cal topics, relevant problems of science and technol-
ogy can be presented as applications of mathematical
concepts. For example, the problems related to alloys,
mixture and compounds, preparation of medicines and
cosmetics, etc. can be given in the exercises of ratio
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